Abstract-Antiarrhythmic
AHR 10718, (N'(2 (diethylami no) ethyl) N-(1 -methylethyl)-N-(2-(phenylsulfonyl) ethyl) urea, (Z)-butanedioate, is a new an tiarrhythmic agent, and in a preliminary report, it was found to be effective orally and parenterally against a wide spectrum of ar rhythmias (1) . AHR 10718 has been shown to have effects characteristic to class 1 Na channel blocking drugs and also to have a suppressing effect on triggered activity and delayed afterdepolarization (2) . These pre clinical studies predict effectiveness of this drug in clinical arrhythmias, and so thorough animal studies showing the effectiveness of this drug are needed before clinical studies are started.
In spite of a large number of studies con cerning antiarrhythmic agents, there are still difficulties in choosing theoretically the most suitable antiarrhythmic drug in various clinical settings. This may be partly due to the dif ficulty in elucidating the generation mecha nism of arrhythmias for each clinical case, and partly due to lack of enough knowledge cor relating the effects of drugs on action poten tial characteristics or ionic channels to the generation mechanisms of arrhythmias of both men and animals. In an attempt to solve this problem, we have conducting precise drug studies using various experimental arrhyth mia models, even though their genera tion mechanisms are not fully understood. 
Materials and Methods
Production of two-stage coronary ligation induced arrhythmia: Six beagle dogs, weigh ing 7-9 kg, were anesthetized initially with 30 mg/kg of thiopental sodium. As reported earlier (3), the chest was opened and the two stage coronary ligation was performed under halothane anesthesia.
Experiments were done without anesthesia 24 and 48 hr after coronary ligation. The lead II ECG, atrial electrogram from the left atrial appendage, and blood pressure were re corded continuously using telemetry systems (Nihon Kohden and Nishimu). Ten mg/kg and 5 mg/kg AHR 10718 for 24 hr and 48 hr arrhythmias, respectively, were injected through a cannula inserted into the jugular vein. Venous blood samples were taken from the cannula 5 min before and 1, 3, 5, 10, 15, 30 and 60 min after the injection of AHR 10718.
From the ECG and atrial electrogram, total heart rate, number of conducted beats and atrial rate was measured. The total heart rate is the number of all beats counted from the 5 sec strip of lead II ECG, and the conducted beats are those electrical beats with normal shape of P and QRS complex (ST segment often showed changes which were probably due to ischemic change in the ventricle). The atrial rate is the number of sharp atrial deflec tions counted from the 5 sec strip.
Production of digitalis-induced arrhyth mia: Six mongrel dogs of either sex, weighing 7-15 kg, were anesthetized with 30 mg/kg pentobarbital sodium. As reported earlier (5), 40 ,ag/kg ouabain was injected intravenously into the femoral vein and then followed by an additional dose of 10 /ig/kg every 20 min until stable ventricular arrhyth mia of more than 1 hr duration was pro duced. AHR 10718 at the dose of 5 mg/kg was injected intravenously through a cannula in the femoral vein within seconds.
The lead II ECG, atrial electrogram from catheter tip electrodes in the right atrium, and blood pressure were continuously recorded. Venous blood samples were taken as de scribed above for the coronary ligation arrhythmia. Production of adrenaline-induced arrhyth mia: Six mongrel dogs of either sex, weighing 7-14 kg, were anesthetized initially with thiopental sodium. As reported earlier (4), after intubation, 1.0% halothane, vapor ized with 100% oxygen, was administered with a volume-limited ventilator. Adrenaline was infused through the left femoral vein at a rate of 2.5-3.5 /cg/kg/min for 18 min. After 3 min of adrenaline infusion and when stable and severe ventricular arrhythmia was produced, 10 mg/kg AHR 10718 was injected into the right femoral vein.
The lead II ECG and blood pressure were continuously recorded. Venous blood samples were taken from the jugular vein 1 min before and 1, 3, 5, 10 and 15 min after AHR 10718 injection.
Production of aconitine-induced atrial arrhythmias: Ten mongrel dogs of either sex, weighing 7-15 kg, were anesthetized with 30 mg/kg pentobarbital sodium. After the chest was opened through the right 4th inter costal space, a small piece of filter paper soaked with 1 % aconitine was placed on the right atrium (aconitine was dissolved in 0.01 N HCI). The right atrial electrogram was re corded through bipolar electrodes attached to the right atrial appendage, and the lead II ECG was continuously recorded. The blood pressure was recorded from the right femoral artery. I n six out of ten dogs, AHR 10718 was administered intravenously 2 min after application of aconitine; and in four other dogs, no drug was given, and they served as the control. Seventeen min after aconitine was applied, the aconitine-soaked filter paper was removed. Since care was taken not to induce ventricular fibrillation, conversion to ventricular fibrillation was not observed during the experimental period. Venous blood samples were taken as described above for the adrenaline arrhythmia.
Plasma AHR 10718 assay: Venous blood samples were centrifuged and the plasma was stored in a freezer at about -25 °C before plasma AHR 10718 concentration analysis. The plasma AH R 10718 assay was carried out using a high-performance liquid chroma tograph (HPLC), according to the method described by Wright (personal communica tion).
A HPLC (Nippon Bunko, BIP-1 Type) equipped with a UV detector (Nippon Bunko, UVIDEC 100V Type) was used. Conditions were as follows: column, Finepak SILC18, 150X4.6 mm (Nippon Bunko); mobile phase, 10 mM phosphate buffer (pH 3) : acetonitrile (3:7), 1.0 ml/min; detection, UV at 220 nm.
To extract AHR 10718, after 1.75 ml of distilled water and 0.25 ml of 2N-NaOH were added to 0.5 ml of canine plasma and stirred, the mixture was extracted three times with 5 ml of hexane : dichloromethane (1 :1 ), and the organic phase was evaporated to dryness at 55'C under reduced pressure. The residue was at first dissolved in 100 ,ul of 10 mM phosphate buffer (pH 3), which then was diluted to the desired concentration with the same buffer, and 40 ,a! of the solution was injected into the HPLC system.
There was an excellent linearity (r=0.999) in the range of 50-1000 ng/ml of the calibra tion curve. The limit of detection was 50 ng/ ml. Determination of the minimum effective plasma concentration:
The severity of arrhy thmia was expressed by the arrhythmic ratio: the number of ventricular ectopic beats divided by the total heart rate. Ventricular beats were judged by the different shape of the ventricular complex from the normal QRS complex. For all three ventricular arrhythmias except aconitine-induced atrial arrhythmias, the arrhythmic ratios before drug injection were almost 1, and there were no spon taneous improvements in these ratios. As reported earlier (3, 4) , the minimum effective plasma concentration of AHR 10718 was determined as follows: The last minute of statistically significant decrease (P<0.05) in the arrhythmic ratio compared with that at 0 time was determined. Then the correspond ing plasma concentration was calculated from the experimentally derived plasma con centration-time equations, and this was regarded as the minimum effective plasma concentration. Fig. 1 . While the 48 hr arrhythmia spontane ously became less severe, the 24 hr arrhyth mia was so severe that there were almost no conducted beats at the start of the experi ment. Doses of AH R 10718, 5 and 10 mg/kg i.v., were examined in the preliminary ex periments; and since a 5 mg/kg dose sup pressed the 48 hr arrhythmia but did not suppress the 24 hr arrhythmia, 10 and 5 mg/ kg doses were chosen for the 24 hr and 48 hr arrhythmias, respectively. As shown in Fig. 1 , 10 mg/kg AHR 10718, i.v., significantly in creased the number of conducted beats and decreased the arrhythmic ratio for up to 12 min, but there were no significant changes in the total heart rate, atrial rate, and the blood pressure of the dog with 24 hr arrhythmia. Although vomiting was induced within 2 min after administration of 10 mg/kg AH R 10718, no other central nervous system side effect was produced at this dose. The same dogs were used the next day for the study of AH R 10718 effects on the 48 hr arrhythmia. As shown in Fig. 2 , this arrhythmia was less severe and the plasma concentration of AH R 10718, just before the 48 hr experiments, was zero, even though 10 mg/kg AHR 10718 had been administered 24 hr before. A lower dose of AHR 10718, 5 mg/kg, i.v., showed signifi cant antiarrhythmic effects in 48 hr arrhyth mias. There was a significant decrease in arrhythmic ratio with longer duration of action up to 30 min. As shown in Fig. 2 , there were no significant changes in the total heart rate and blood pressure, but the atrial rate was in creased. There was no central nervous system side effect such as vomiting. The plasma con centration time curve fitted well with that predicted by the two compartment open model as shown in Fig. 3 . The parameters of the AH R 10718 concentration-time equation, expressed as concentration =Ae-a` + Be-,', of the 24 hr experiment were: A=129.072.8 ,ug/ml, alpha= 1.00+0.55/min, B=11.8±2.6 ,ag/ml, and beta=0.031 +0.016/min (n=6), where A is the concentration at 0 time of the distribution curve and B is that of the elimi nation curve, and alpha is the time constant of the former curve and beta is that of the latter. The parameters for the 48 hr experi ments were: A=73.7±49.4
/.cg/ml, alpha= 1.47±0.83/min, B=8.2±1.9 ,ag/ml, and beta=0.035±0.01 6/min (n=6). The minimum antiarrhythmic plasma concentrations for the canine 24 hr and 48 hr coronary ligation induced arrhythmias were calculated as 8.1 ±0.7 ,ag/ml (at 12 min) and 2.9±0.9 ,ag/ ml (at 30 min). resoectively. Effects of AHR 10718 on digitalis-induced arrhythmia: After injection of a total dose of 70-80 gig/kg ouabain, almost all the beats became of ventricular origin. As shown in Fig. 4 , 5 mg/kg AHR 10718, i.v., significantly (P<0.05) decreased the total heart rate and the arrhythmic ratio and increased the number of conducted beats. This antiarrhythmic effect lasted up to 10 min. The blood pressure was at first transiently decreased, and after recovery, it again gradually decreased, but these changes were not statistically signifi cant. The plasma concentration-time curves fitted well with that predicted by the two compartment open model as shown in Fig. 3 . The parameters of the AHR 10718 concen tration-time equation were: A=16.7±8. 5 /ag/ ml, alpha =0.55±0.28/min, B=2.7±1.4 ag/ ml, and beta =0.028±0.019/min (mean±S.D., n=7). The minimum effective plasma con centration was calculated like that at 10 min, 2.8±0.6 ,ag/ml. AHR 10718 showed an antiarrhythmic effect and also increased the atrial rate. *P<0.05, **P<0 .01.
Effects of AHR 10718 on adrenaline induced arrhythmia: As reported previously (4), adrenaline infusion for 3 min at a rate of 2.5-3.5 ag/kg/min induced tachycardia with almost all the beats consisting of ventricular ectopic beats. AH R 10718 at the doses of 5, 10 and 15 mg/kg were examined in the pre liminary study; and since 5 and 10 mg/kg doses did not suppress the arrhythmia and a 1 5 mg/kg dose induced ventricular fibrillation, a 10 mg/kg dose, which seemed to be a suf ficiently high dose without inducing ven tricular fibrillation, was used for the present experiment. As shown in The maximum concentration of AHR 10718 was 44.1 ±1 3.5 /iq/ml. Effects of AHR 10718 on aconitine-in duced arrhythmias:
As can be seen in the atrial rate of control dogs in Fig. 6 , aconitine application induced atrial fibrillation lasting more than 15 min. Application of aconitine on the right atrium induced atrial fibrillation, increasing the atrial rate to 744±239 beats/ min within a min, and this effect lasted as long as 17 min or more. Since the preliminary ex periments using 2 and 5 mg/kg indicated that both doses showed an antiarrhythmic effect, i.e., abolition of atrial fibrillation, and 5 mg/kg showed an antiarrhythmic effect lasting more than 15 min, a 2 mg/kg dose was used in the present experiment. Two min after aconitine was applied, 2 mg/kg AHR 10718 was administered intravenously. This dose of AHR 10718 converted atrial fibril lation into atrial tachycardia. The blood pres sure just before application of aconitine was 111 ±25 mmHg and that at the time of AH R 10718 injection was 105±29 mmHg, and there were no statistically significant changes after the injection.
Although 1 :1 atrioventricular conduction was observed immediately after the admin istration of AH R 10718, it did not persist long and as the rate of atrial tachycardia increased, not all the atrial excitation conducted to the ventricle, but atrial fibrillation did not reappear within 15 min. The plasma concentration time curve of AHR 10718 fitted well with that predicted by the one compartment open model theory as shown in Fig. 3 . The parameters of the concentration-time equation were A= 14.5±8.9
,ag/ml and alpha=0.53±0.08/min (n=6). The maximum concentration of AHR 10718 was 8.4±4.4 iig/ml at 1 min, which was decreased to 0.7±0.2 ,ug/ml after 1 5 min.
Relationship between AHR 10718 plasma concentration and its antiarrhythmic effect: All the plasma concentration data and the corresponding values of the arrhythmic ratio obtained from ventricular arrhythmia experi ments were plotted as shown in Fig. 7 . A statistically significant correlation was only observed in 24 hr coronary ligation and digitalis arrhythmias, but the negative cor relation coefficients (r) were low, 0.46 and 0.40, respectively. Difference among AHR 10718 plasma concentration-time curves of 5 different ar rhythmia models: In order to examine the dif ference among the plasma concentration time curves obtained under 5 different experi mental conditions, 24 hr coronary ligation, 48 hr coronary ligation, digitalis, adrenaline and aconitine arrhythmias, the curves are normalized to make the 0 time plasma con centration to a unit of 1 .0 and plotted in Fig.  3 . The three curves of the 24 and 48 hr coronary ligation and aconitine arrhythmia experiments were almost superimposable. showed an antiarrhythmic effect and also decreased the total heart rate. *P<0.05. **P<0.01.
As far as the effectiveness of AHR 10718 on ventricular arrhythmias is concerned, similar patterns of effectiveness on ventricular arrhythmias were observed with disopyr amide, procainamide and SUN 1165 in our previous results (3) (4) (5) 8) . These drugs were effective on coronary ligation and digitalis induced ventricular arrhythmias, but were ineffective against adrenaline-induced ar rhythmias. Comparing the minimum effective plasma concentrations of AHR 10718 for these arrhythmias, the drug suppressed digitalis arrhythmia with a lower plasma con centration than the coronary ligation ar rhythmia. The minimum effective plasma con centration for the latter arrhythmia, 8.1 ug/ ml, was approximately three times higher than the former, 2.8 ag/ml, and a similar quantitative relation between these two kinds of arrhythmias was also observed in our previous experiments with procainamide, di sopyramide and SUN 1165 (5) . Antiarrhyth mic effects of those drugs which suppress digitalis arrhythmia were suggested to be at tributed to their Na channel blocking effects in our previous studies (5-7). An electro physiological study of AHR 10718 by Damiano et al. showed that the drug de creased the max dV/dt of canine Purkinje fibers at concentrations> 5 x 10-6 M (2), about 2 ,ag/ml, which corresponded ap proximately to our plasma concentrations of the drug in the present study. This coincidence between effective concentrations in vitro and our effective plasma concentrations confirms the previous findings that the antiarrhythmic effects of AH R 10718 are most likely attribut able to its Na channel blocking effects.
As for the adrenaline-induced arrhythmia, AHR 10718 was ineffective against this arrhythmia.
Since adrenaline arrhythmia is caused by increased transmembrane influx of calcium produced by adrenaline (4, 9), we assume that AHR 10718 does not have a depressant effect on this Ca current. This speculation is supported by the electro physiological observation by Damiano et al. that the drug did not suppress the slow inward current (2) . In addition, other experimental studies indicated that AHR 10718 at 10 mg/ kg, i.v., showed only weak antiadrenergic effects in dogs (10). Therefore, it is expected that this drug may not be effective against arrhythmias related to increased sympathetic tone. ministration, and the effect lasted for the ex perimental observation period of 15 min. The generation mechanism of aconitine-induced arrhythmia is reported to be enhanced auto maticity owing to the increase in sodium inward current in the myocardial membrane (13, 14). Alternatively, several studies have also indicated the involvement of the en hanced parasympathetic nervous system in aconitine-induced arrhythmia, and there is a report that this arrhythmia model was es pecially useful to find drugs having anticholin ergic action (12). However, unlike disopyr amide, AHR 10718 was reported to have no anticholinergic action at doses of 1 to 10 mg/ kg, i.v. (10), and yet it suppressed aconitine induced arrhythmia in the present experiment. Proakis et al. (1) used acetylcholine-induced arrhythmia as an atrial arrhythmia model and showed that AHR 10718 was three times more potent than quinidine in suppressing this arrhythmia. There is no doubt from the present effective plasma concentration data that the antiarrhythmic activity of AH R 10718 against aconitine-induced arrhythmia is explained by the blocking of the Na current, suppressing automaticity of the atria) muscle fibers. Pharmacokinetic characteristics: As our previous studies have shown, the correlation between the plasma concentrations of antiar rhythmic drugs and their antiarrhythmic effect is rather poor, but the negative correlation coefficients of AHR 10718, ranging from -0 .40 to -0.46, are lower than other drugs we tested: for example, cibenzoline, mexile tine and aprindine (6, 7, 17, 18) . This may be due to the short period of observation where tissue and plasma drug concentration may not reach equilibrium, especially soon after intravenous injection; however, the relation ship may become better in the clinical situa tion. Also from our previous studies, ca nine and human minimum effective plasma concentration range may be around 3 to 8 '"g/ml. Figure 3 shows that the elimination phase of the concentration-time curves of the 24 hr, 48 hr coronary ligation and digitalis arrhyth mias were very similar. It may indicate that the elimination mechanism of AHR 10718 is independent of the different hemodynamic conditions of each experimental arrhythmia model, while the distribution phase is in fluenced by the hemodynamic differences among the arrhythmia models we used (18).
Clinical usefulness: Though animal studies can not predict the precise clinical usefulness of antiarrhythmic drugs, the previous electro physiological studies and the present result indicate that AHR 10718 may be effective against a wide spectrum of arrhythmias generated by various forms of automaticity and conduction disturbances, and thus this drug is worthy of further experimental and clinical studies.
